Background and Aim: Decompressive craniectomy can be life-saving for patients with severe traumatic brain injury, but many questions about its ideal application, indications, timing, technique, and even the definition of success of decompressive craniectomy remains unclear. The aim of this study was to assess the factors associated with prognosis and outcome of patients with traumatic brain injury who had undergone a rapid decompressive craniectomy.
Introduction
Traumatic brain injury (TBI) which is a significant cause of morbidity and mortality is associated with high economic costs to the healthcare system [1] [2] [3] . The brain damage induced by TBI is divided into primary and secondary injuries. Primary injury results from direct traumatic impact. Secondary injury occurs as a result of a cascade of biochemical events that induce brain edema and increased intracranial pressure (ICP) [2] [3] .
The important point to save patients with severe TBI is prevention and/or decreasing secondary brain damages by medical and surgical therapies [3, 5] .
Medical treatment for brain edema and elevated ICP consists of analgesia, sedation, head elevation, cerebrospinal fluid drainage via a ventricular catheter, and optimization of ventilation to prevent cerebral vasodilation secondary to hypercarbia, administration of hyperosmolar solutions such as manitol, moderate hypothermia, and barbiturate coma [9, 10, 12, [14] [15] [16] .
In about 10-15% of patients with TBI and elevated ICP, maximal medical treatment failed [17, 18] . In these patients that are refractory to medical therapy, decompressive craniectomy (DC) could be performed [6, 7] . DC could be life-saving for these patients, according to a study conducted in 2009 by Rubiano et al. Prognosis and outcome in DC group were better than those in the control group that received only medical treatment. DC induced decrease in mortality [13] . Yet many questions including ideal application, indications, timing, technique, and even the definition of success of DC remained unclear. In a meta-analysis conducted in 2012 by Bor-Seng-Shu et al., ICP after surgery in patients undergoing DC was dramatically lower than preoperative values, and cerebral perfusion pressure (CPP) was significantly higher than preoperative values. According to this study, more studies are needed to determine the patients who may benefit from DC [11] . The aim of this study was to assess the factors associated with prognosis and survival of patients with TBI who had undergone a rapid DC.
Methods and Materials/Patients
This is a prospective study done on patients with severe TBI that were candidate for DC according to their initial brain CT scan findings during April 2011 to April 2014. Patients with severe TBI and CT scan findings demonstrating high ICP and midline shift more than five mm underwent early DC (surgery during the first six hours of trauma). Outcome of patients was assessed with the use of the Glasgow Outcome Scale (GOS) at six months during referral of patients to our clinic or contacting with patient or a caregiver by telephone and completing the questionnaire. The correlation of variables including age, sex, primary GCS, pupils' size and reactivity and midline shift in patients' initial brain CT scan with patients' outcome were assessed. The GOS is a global outcome scale assessing functional independence, work, social and leisure activities, and personal relationships. Its five outcome categories are as follows: death, vegetative state (unability to obey commands), severe disability (dependence on others for care), moderate disability (independence at home and outside home but with some physical or mental disability), good recovery (ability to resume normal activities with some injuryrelated problems). GOS had dichotomies. A GOS of ≤3 was classified as an unfavorable outcome; otherwise, a favorable outcome was assumed. Patients older than 70 and younger than 15 years of age and those with mass lesions greater than 25 cc in their brain CT scan were excluded.
Statistical Analysis
All numerical data are given as mean±standard deviation (SD). Categorical data were evaluated using the χ2 test. A p-value ≤ 0.05 was considered to be significant. Binary logistic regression analysis was used to analyze the prognostic impact of pretreatment factors on GOS.
Outcome (favorable and unfavorable) was considered as dependent variable and others including age, GCS, pupil's size and midline shift were independent (predictor) variables. For categorization of pupil's size and GCS, "midsize" and "GCS>8" were considered as the reference category, respectively. GOS had dichotomies. A GOS of ≤3 was classified as an unfavorable outcome; otherwise, a favorable outcome was assumed. The model was fit because the Hosmer and Lemeshow test was not significant (K2=1.63, df=8, P=0.99). The model predicted 60-80% of the variance of the outcome based on Cox & Snell and Nagelkerke R square.
Results
A total of 61 patients with severe TBI who had undergone early DC were studied. Of these, 36 (59%) patients were male and 25 (41%) were female. Mean age of patients was 36.09±15.89 years old (range: 16-68 years). Of 61 patients, 33 (54.1%) had favorable and 28 (45.9%) had unfavorable outcome. Age more than 60 years was related to poor outcome. There was no significant relationship between patient's sex and outcome (K2=0.062, P=0.804).
GCS in the patients before surgery were as follows: 11 (18%) patients had initial GCS more than 8, while 27 (44.3%) had GCS between 5-8 and 23 (37.3%) had GCS less than 5. Patients with critical head injury (GCS: 3-4) had the worst outcome at six months (P<0.001).
The Pupils Appearance on Admission
19 (31.1%) patients had midsize pupil, 16 (26.2%) ones had pupil size less than normal (miosis), 14 (23%) patients had unilateral mydriasis and 12 (19.7%) patients had bilateral nonreactive mydriatic pupils. Patients with bilateral nonreactive mydriatic pupils had the worst outcome (P<0.001).
The midline shift in patients' initial CT scan was as follows:
35 (57.4%) patients had midline shift less than 10 mm and 26 (42.6%) patients had midline shift more than 10 mm on CT scan. The odds ratio (OR) was estimated as 4.95 (confidence interval (CI)=2.14-11.41) indicating that patients with midline shift more than 10 mm were 6.15 times more likely to have risk of unfavorable outcome than those with midline shift less than 10 mm ( Table 1) .
As represented in table 2, GCS and age could predict the outcome of surgery significantly according to binary logistic regression test, so that higher age predicted unfavorable outcome with 1.13 times, and in GCS<5 the probability of unfavorable outcome is about 192 times (K2=1.63, df=8, P= 0.99).
According to chi-square test in this study, there is a significant relationship between the pupils size and midline shift more than 10 mm with unfavorable outcome of patients, but beside other variables such as age and GCS in binary logistic regression, this correlation was not significant.
Discussion
DC is a life-saving procedure which can decrease life-threatening refractory ICP and secondary brain damages [17] .
According to the most trials on outcome in severe TBI, 47% of patients had favorable outcome (moderate disability or milder) [15, 16] . In the literature, favorable outcome of patients with TBI who had undergone DC was reported to be ranged from less than 30% to more than 70% [34] [35] [36] [37] .
In a meta-analysis in 2009 on DC for TBI including 29 articles and 1,422 cases [33] , authors reported the following sixmonth outcomes: 29% of patients died, 8% of patients were persistently vegetative, 16% of patients were severely disabled, 20% of patients were moderately disabled, and 27% of patients had mild or no disability. However, the outcome of these patients could be improved with time, for example according to Ho et al. study, about 25% of these patients who had an unfavorable outcome at six months had a favorable outcome after 18 months [38] . Perfect patient selection for DC would improve outcome in severe TBI [16] [17] [18] .
Evidence from some studies indicates that the most important determinants of outcome of these patients are as follows: timing of the procedure, age of the patients, pupil size and reactivity, initial GCS of patients, comorbid conditions and initial CT scan findings [18] [19] [20] [21] [22] [23] [29] [30] [31] [32] . Patients who had undergone rapid operation had a significantly better outcome [18] [19] [20] .
Lower GCS scores are associated with a poor outcome. Studies indicate that most of the mortalities were among patients with GCS of less than six at the time of craniectomy; whereas majority of the survivors had higher GCS scores (eight and above). Reddy et al. reported survival of 88% among their patients who had a preoperative GCS of eight and above, and survival of 27% among those with GCS less than eight [11, 14, 15, [20] [21] [22] [23] .
Age is another important factor which influences patient's outcome. Patients in younger age groups tend to have better outcome after surgery, and age greater than 50 years was associated with a poorer outcome. The incidence of complications was also higher above this age [19, [23] [24] [25] 39] .
Clinical data show that nonreactive mydriatic pupils indicate a poor neurological outcome [4, 5] .
The initial computed tomography findings i.e. diffuse cerebral edema, absence of basal cisterns and midline shift have been found to be correlated with poor outcome following DC. Preoperative midline shift more than 10 millimeter is believed to be a significant predictor of poor outcome [5, 26] .
According to a study conducted in 2010 by Patrick and colleagues in Nigeria, GCS more than eight, age less than 50 years, and early surgery were associated with better prognosis [12] . The present study is consistent with most studies. Accordingly, following factors are related with poor prognosis and significantly worse outcome: age more than sixty years and GCS less than five. In this study, according to chisquare test, there is a significant relationship between the pupil size and midline shift more than 10 mm with unfavorable outcome of patients, but beside other variables such as age and GCS in binary logistic regression, this correlation was not significant. Limitations: All of our patients could not refer to our clinic at six months, and we had to contact them or their caregiver by telephone to complete the questionnaires.
Other factors which can influence the patient outcome such as hypotension, hypoxia and so on were not assessed in this study.
Conclusion
Factors associated with poor outcome in patients undergoing DC in our study are as follows: age more than sixty years and GCS less than five.
Patients with these conditions could not benefit from a rapid DC.
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